Composites characteristics are closely related to particular microstructural changes that play a major role in metal matrix strengthening. The study aimed at examining particular aspects of 6063 / SiCp composites microstructure using light and electron microscopy and demonstrating microstructural changes in composites with the aid of internal friction recording. In the case of the studied composites, a transitory phenomenon of internal damping was observed, characterised by a peak whose amplitude and corresponding temperature depended on the particle volume fraction and material processing route. The peak was associated with the formation of non-deformable zones saturated in dislocations emphasised by microstructure examination
INTRODUCTION
Particle-reinforced aluminum matrix composites have been currently investigated since they offer improved specific strength and stiffness, while maintaining good secondary shaping and low anisotropy. However, applications have been limited by their poor fracture toughness and low ductility levels as compared with the unreinforced alloys. Composites characteristics are closely related to particular microstructural changes that have permitted explanation of metal matrix strengthening as a result of reinforcement addition The heterogeneous behavior of the composite components (metal matrix and ceramic reinforcements) has determined the appearance of some deformation incompatibilities between the two phases under thermal and mechanical stresses, which might dissipate through different mechanisms such as:
• elastic relaxation due to residual stresses /1,2/; • plastic attenuation through local plastic deformation of reinforcements surrounding the matrix, appearance of additional dislocation density (leading to matrix strengthening) and formation of non-deformable zones associated to reinforcements /3,4/; • changes in precipitation kinetics (in the case of hardenable alloys) /5/; • formation of new interfaces owing to particlematrix interface decohesion and/or reinforcements fracture during composites secondary processing
• high-temperature atomic diffusion along the interface and segregation of different precipitates /7,8/.
Since the performance of aluminum matrix composites is significantly influenced by the distribution of reinforcements, alloying elements and reaction products in the matrix and/or the interface, analysis of microstructure is important to develop both more reliable models and better composites.
The present study has focused on the specific aspects of microstructure in particle-reinforced aluminum composites and the influence of microstructure changes on process kinetics.
where D tcor represents the theoretical density, determined from the relation In order to examine the microstructure, samples were prepared using conventional metallographic techniques. From the bulk specimen the samples were diamond disc cut in the parallel and perpendicular directions to the rolling one, then samples were mechanically polished to 2400 grit SiC paper at a veiy low pressure and speed. Finally, the samples were wetpolished on fine velvet using chrome oxide solution, then some of them were etched with Keller reagent to evidence grain boundaries. The microstructure was examined with an Olympus light microscope, and a Cambridge Stereoscan 120 scanning electron microscope.
Another series of samples were tensile tested and the morphology of both fracture surfaces were SEM examined, operating with an acceleration voltage of 30 kV.
Some photos were chosen to reveal particular aspects of composites microstructure (Figs. 1-4 ) and damage mode (Figs. 5,6 ).
As-cast composites presented a high porosity level as compared with the matrix alloy, but secondary processing reduced it significantly. The composites porosity was determined using the Archimedean technique. The samples were weighed in air (m0 and in water (m 2 ) with a precision of 10" 4 g and the porosity was calculated from the relation:
p= \_!for--id. 100% D 0 is the component density, %C the component percentage and D^ represents the calculated density given by the relation
The results are given in Table 1 . The effect of structural changes on the process kinetics may be demonstrated by different experimental techniques with high sensitivity to the crystalline lattice dynamics; internal friction recording was used. A series of samples were torsion-loaded in a forced oscillation regime using a Metravib Micromecanalysor, France. The rectangular samples (1.5x6x55 mm) were the response element of the inverted torsion pendulum The samples were previously cooled in liquid nitrogen from room temperature to the lower limit of the testing interval (90 K). The dynamic elastic modulus and the loss factor, tg δ, were recorded during an imposed loading mode having a vibration frequency of 0.1 Hz and a heating rate of 50 K/h, the temperature ranging between 90 to 500KL
The loss factor variation for some samples is presented in Fig. 7 and part of the experimental results are given in Table 2 .
ANALYSIS OF COMPOSITES PLASTIC YIELDING
The significant contribution of dislocations to composites strengthening has been reported by different authors /7,10/. The dislocations lattice in composites developed due to:
• relaxation of thermal stresses (sliding dislocations);
• the presence of geometric constrains given by the reinforcements (geometric dislocations); • plastic deformation during secondary processing. The dislocations generated by different sources overlap and hinder dislocation displacement, having an important effect on the accelerated strengthening of the composite matrix.
The deformation incompatibilities between the deformable matrix and the rigid particles determine the emission of dislocation loops from the interface. At low strains, the load transfer from the matrix to the particles is allowed by the unrelaxed dislocations (Orowan loops) while, at higher strains, the relaxation determines the formation of a complex dislocation lattice depending on particle shape, size and distributioa
The detailed examination of the 6063/SiCp composites microstructure revealed matrix yielding perturbation by the ceramic particles. The matrix distortion is more evident for large particles, as seen in Fig. 1 . Moreover, the matrix layer adjacent to the particles is rapidly saturated in dislocations due to the high residual stresses at the interface level. This layer nWHifflfflll deformation develops, the dislocations are prevented from sliding to the particles by the impenetrable layer that acts together with the particles as rigid obstacles, continue to rotate and generate secondary dislocations. At the same time, these zones disturb the matrix sliding, which results in a lenticular distortion of the sliding planes and ciystalline grains around the reinforcements, as also reported by Humphreys IM.
The particle distribution influences the nondeformable zones and the grain lenticular distortions. In the case of high volume fractions of uniformly dispersed particles, the distance between the reinforcements becomes comparable with their mean size and the interactions between the non-deformable zones intensify, achieving composite yielding saturation even at low strains. The limited particle agglomerations behave as large particles and the lenticular distortions appear associated to the agglomerations that are flattened during plastic deformation and dispersed to some extent. As a result, the microstructure presents aligned bands of particles parallel to the rolling direction. If the secondary processing parameters are not optimized and the deformation degree exceeds a critical value 191, the high induced stresses may relax through brittle phase fracture and possible interface decohesion, as shown in Fig. 3 . In any case, the resulting ceramic fragments behave as singular particles in the following stages of deformation and refinement of reinforcement size is achieved in the shaped composite. A notched profile of zones of the interface is observed, as shown in Fig. 4 , which may be explained by the appearance of a reaction layer as a result of high temperature diffusion between the components, resulting in a well-bonded interface, in accordance with 111. Particle alignment as bands parallel to the rolling direction may be evidenced by SEM examination of tensile sample morphologies (Fig. 5) . The tensile testing direction was parallel to the rolling one. The crack rapidly propagates along the band of particles that are fractured, too. The composites rolled with an optimized degree of deformation 191 present a combined damage mode dominated by the matrix ductile failure and The composites microstructure and porosity are significantly influenced by particle volume fraction and size, as well as the processing route. Although the elaboration procedure of the composites developed in argon, the particles incorporation determines the porosity increase, as given in Table 1 . The porosity shows a pronounced increase with increasing particle volume fraction. Microstructure examination of as-cast showing matrix dimples containing fractured particles composites revealed a relatively uniform distribution of SiC particles in the matrix, the presence of some shrinkage porosity at the grain boundaries, where also Mg2Si precipitates are distributed, and porosity associated with particle agglomerations. This last type of porosity constitutes the most important contribution to the porosity increase with particle volume fraction. The secondary processing facilitates porosity reduction the more the deformation degree increases, but the processing route means successive reductions with intermediate heat treatments, thus a longer procedure. The advantage is that conventional equipment has been used for composite shaping, and after secondary processing the composite porosity reaches convenient values.
INFLUENCE OF MICROSTRUCTURE CHANGES ON PROCESSES EVOLUTION IN COMPOSITES
The internal friction recording technique was chosen to demonstrate the effect of microstructure changes in composites and, respectively the dislocation density increase and the formation of non-deformable zones, on process acceleration.
The damping capacity of metal matrix composites has been determined by considering three possible sources: the matrix (effect of porosity, grain boundaries, thermoelasticity, effect of structural defect interactions, etc.), the reinforcements and the interfacial zone (effect of the different coefficients of thermal expansion of the components, effect of the matrix -ceramic particles interface, effect of temperature variation rate). In the case of ceramic particle reinforced composites, both matrix and reinforcements have a low damping capacity, but Al/SiCp composites present much improved damping properties as compared with the constituents /11/. The resultant enhanced damping capacity of the metal matrix composites depends not only on the intrinsic damping behaviour of individual components, but moreover on the interface-scaled behaviour and the structural modifications of the matrix due to the presence of reinforcements /12/. Both good and poor bonding have potential for enhancing damping capacity. Well-bonded interfaces could lead to internal friction owing to increased dislocation density near interfaces, while poorly bonded interfaces could contribute to damping through a sliding friction mechanism According to references /13,14,15/, the general aspect of internal friction spectrum of an aluminium alloy presents a very low monotonous level at low temperatures and a rapid increase for medium temperatures (300 -430K). The spectrum increasing branch may be associated with a maximum present if the temperature continues to increase, resulting in a peak centred at approximately 450K temperature, explained on the basis of inelasticity phenomena.
Several interesting trends may be noticed when examining the general aspect of composites internal friction spectra (Fig. 7) . The presence of some peaks, higher or wider, depending on the state and particle volume fraction of the material, has been clearly associated with the influence of the reinforcements on the microstructure. The appearance of peaks in the low temperature interval instead of a constant low level of the matrix alloy spectrum has primarily been attributed to interface and dislocation density, resulting due to both thermal stress relaxation and material plastic deformation during secondaiy processing (rolling).
Comparing the studied composites in the analysed states -as-cast and rolled, containing particle volume fractions of 2% and 10% SiCp, the loss factor tg8 presents a similar aspect with increasing tendency in all the temperature interval, as well as interesting features referred to the peaks. First, considering the 10% SiCp composites, peak displacement at slightly lower temperatures is observed for the rolled state in comparison to the as-cast state, in accordance with the Comparing the height of a significant peak, the rolled composite presents a more intensive internal friction as compared to the as-cast composite, and this is attributed to the additional dislocation density due to secondary processing. Taking into account that the temperature associated with the internal friction spectrum peak directly depends on the activation energy for the relaxation process, the 10% SiCp composite owns a higher gradient of energy responsible for process acceleration (strengthening, recrystallization, precipitation). The general aspect, slightly higher in the case of the as-cast composite as compared to the rolled composite (except for the significant peak), may be explained either by the effect of matrix porosity or porosity associated with particle agglomerations. Next, comparing the spectra of composites in the same state, for example as-cast, the displacement of the 2% SiCp composite spectrum in comparison with that of the 10% SiCp composite indicates the major effect of interfaces and associated mechanisms.
Additionally, the interesting peaks are present at the same temperatures, but are flattened.
Comparing the internal friction spectra of the rolled composites, containing different volume fractions, the significant peak is higher in the case of the composite containing 10%SiCp and is recorded sooner, respectively, for the temperature of 330K in comparison to the composites containing lower particle volume fractions, as given in Table 2 . This aspect is in accordance with the process acceleration tendency and dislocation density augmentation while the particle volume fraction increases.
CONCLUSION
Detailed examination of the 6063/SiCp composites microstructure revealed particular aspects as follows: matrix yielding distortion by the ceramic particles, pronounced plastic deformation of particles surrounding the matrix layer, formation of non-deformable zones acting as rigid obstacles for matrix yielding, alignment of particles in the rolling direction and formation of a banded microstructure, refinement of particles size and significant porosity decrease as a result of secondary
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processing.
The composites shaped under optimized thermomechanical conditions present a combined damage mode, respectively, ductile failure of the matrix and SiC particle fracture.
Internal friction spectra of the composites present higher or wider peaks as a function of the material processing route and the particle volume fraction. The appearance of peaks is associated with the interface and the enhanced dislocation density due to the presence of reinforcements and secondary material processing.
The significant peak is higher and appears sooner in the case of the composites containing a higher particle volume fraction, thus indicating a process acceleration tendency in the composites.
